A 5' Leader of Rbm3, a Cold Stress-induced mRNA, Mediates Internal Initiation of Translation with Increased Efficiency under Conditions of Mild Hypothermia.
Although mild hypothermia generally reduces protein synthesis in mammalian cells, the expression of a small number of proteins, including Rbm3, is induced under these conditions. In this study, we identify an Rbm3 mRNA with a complex 5' leader sequence containing multiple upstream open reading frames. Although these are potentially inhibitory to translation, monocistronic reporter mRNAs containing this leader were translated relatively efficiently. In addition, when tested in the intercistronic region of dicistronic mRNAs, this leader dramatically enhanced second cistron translation, both in transfected cells and in cell-free lysates, suggesting that the Rbm3 leader mediates cap-independent translation via an internal ribosome entry site (IRES). Inasmuch as Rbm3 mRNA and protein levels are both increased in cells exposed to mild hypothermia, the activity of this IRES was evaluated at a cooler temperature. Compared to 37 degrees C, IRES activity at 33 degrees C was enhanced up to 5-fold depending on the cell line. Moderate enhancements also occurred with constructs containing other viral and cellular IRESes. These effects of mild hypothermia on translation were not caused by decreased cell growth, as similar effects were not observed when cells were serum starved. The results suggest that cap-independent mechanisms may facilitate the translation of particular mRNAs during mild hypothermia.